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The  chemisorption  mechanisms  of  C12,  Br2,  and  12  on  Si (100)  2x1  are  quite  similar 
while  those  of  F2  and  02  are  quite  distinct.  For  the  heavy  diatomic  halogens  (cl2, 
Br2,  and  12),  the  sticking  probability  increases  with  incident  translation  energies 
above  0.1  eV,  and  the  largest  initial  sticking  probabilities  are  obtained  at  the 
highest  incident  engergies,  with  SO  equal  to  95  -  100%  for  12  and  Br2,  at  low 
incident  energies  the  initial  sticking  probability,  SO,  decreases  with  increasing- 
surface  temperature  while  at  high  incident  energies  the  sticking  probability  is 
independent  of  surface  temperature.  In  addition,  for  CI2  very  low  energy  meolecular 
beams  can  be  prepared,  and  the  sticking  probability  is  observed  to  decrease  with  * 
increasing  incident  energies  between  0.02  eV  and  0.06  eV.  Therefore,  all  these 
heavy  diatomic  halogens  can  adsorb  via  precursor  -  mediated  chemisorption  at  low 
incident  translation  energy  and  via  direct  -  activated  chemisorption  activated 
chemisorption  at  high  incident  translational  energy.  For  all  incident  kinetic 
energies,  the  chemisorption  probability  decreases  linearly  with  coverage  (S=S0(l-0)) 
for  the  three  diatomic  halogen  gases.  This  suggests  that  a  single  site  is  required 
to  initiate  the  direct  chemisorption  process  and  the  precusor  ir  intrinsic. 
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(a)  Clj,  Brj,  I2,  a«i  Fj,  Oj  Chemisorption  oa  Si(110)  2zl 

The  chemisorption  mechanisms  of  Q2,  Br2,  and  I2  oo  Si(100)  2x1  are  quite  similar  while  those  of  F2  and  02  are 
quite  distinct  For  the  heavy  diatomic  halogens  (C^.  Br2,  and  Ij),  the  sticking  probability  increases  with  incident 
translation  energies  above  0.1  eV,  and  the  larges  initial  Sicking  probabilities  are  obtained  at  die  highest  incident 
energies. with  Sq  equal  to  95  - 100%  for  ^  and  Br2,  and  80  •  85%  far  Q2.  A*  k>w  incident  energies  die  initial 
sticking  probability.  S»  decreases  with  increasing  surface  temperature  whik  at  high  incident  energies  the  sticking 
probability  is  independent  of  surface  temperature.  In  addition,  for  Clg  very  low  energy  molecular  beams  can  be 
prepared,  and  the  sticking  probability  is  observed  c  decrease  with  increasing  incident  energies  between  0.02  eV  and 
0.06  eV.  Therefore,  all  three  heavy  diatomic  halogens  cac  adsort)  via  precursor  -  mediated  chemisorption  at  low 
incident  translation  energy  and  via  direct  -  activated  chemisorption  activated  chemisorption  at  high  incident 
translational  energy.  For  all  incident  kinetic  energies,  the  chemisorption  probability  decreases  linearly  with 
coverage  (S  =  Sq(1-©))  far  the  three  diatomic  halogen  gases.  This  suggests  that  a  single  site  is  required  to  initiate 
the  direct  Jtemisorptjon  process  and  that  the  precursor  is  intrinsic. 


Currently,  we  are  studying  the  chemisorption  mechanism  fix  F2  and  O*  oo  both  Si(100)  2*1  and  Si(lll)  7x7- 
Both  F2  and  Oj  have  chemisorption  probabilities  which  increase  with  modern  translational  energy  indicating  that 
they  have  the  usual  activated  chemisorption  mechanism  at  high  translational  energy.  In  addition,  they  both  exhibit 
the  inverse  temperature  effect  at  high  translational  energy,  the  sticking  probability  increases  with  increasing  surface 
temperance.  This  has  been  seen  before  for  On/Si{100)  by  Engel  and  was  ascribed  to  thermally  a*«afie»d  activated 
chemisorption;  however,  our  results  on  Fj7Si(100)  &  Si(iil)  show  the  mechanism  is  more  intricate.  For 

WOO)  mi  !)•  ^  activation  bflfTMf  is  sufficiently  small  that  we  can  increase  the  translational  energy  so 
high  that  the  sticking  probability  %  300  K  goes  to  100%  and  thus  the  inverse  temperature  effect  disappears  we  are 
now  repeating  these  experiment  oo  Oj/SiflOO)  &  Si(lll).  Therefore,  either  at  high  translation  energy  the  molecules 
can  directly  dissociation  without  passing  through  (be  thermally  assisted  molecular  chemisorption  channel  or  »>»»« 
k  more  than  one  activated  molecular  chemisorption  channel.  We  have  also  recorded  the  temperature 
programmed  desorption  (TPD)  spectra  of  SiF,  and  SiF4  from  FySi(100)  and  F7/Si(1U)  and  observed  that  the 
raaxunum  coverage  and  TPD  peaks  are  a  function  of  the  incident  F2  translational  energy  (Note:  This  data  is  still 
preliminary  and  needs  to  be  recbeck  because  it  was  taken  with  an  effusive  dcser).  The  dependence  of  the  TPD  and 
coverage  upon  incident  energy  is  almost  certainly  due  toF2  adsorbing  via  abstraction  at  low  incident  energies  The 
mectosn.  wj  ft#  notified  theoretically  by  Cater  a*  eetonteoaUy  by  Ceye,.  Ourresotashow 
eF *5“ >?°m ctes'1!'  re*ret>l«s  the  ctanisorpaoo  of  F atoms 

toCdliX1 SSL  “ 1 : ■ of  ex<xl,'mid,y  of 


(b)  Clj/GaAadOO)  Ga-c(8r2),  GaAs(100)  As-e(2x8),  GiAs(llO)  2*1 

Si  ?*??■**  »"****«*  chkrae  upoo  the  Ga-rich  GaAsOOO) 

ctafflupdai  at  m  snikr  m  (W  fc*  dnw  “l6'*s  T*»«vtatoiDiin 

facomFoaMBdremtopto  ,7*  ^  gn<M  1811  ^vny  fa  the 

*****x^x^^  *****  *’fagcovcra*e  at  *°w  encTsy  Showed  that  the 

rorfree  and  the  stoichiometric  G^AsO °° *** ** G*'licb GaAs(lOO) c(8x2) 
cbemwxpaon.  iodicating  highly  coougawl  gas  -  surface  munition  -v*!!!™1  ******  *"d  activated 
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GaAaOOO)  and  GeAs(110)  wfca  by  CU.  The  Ge-nch  GaAs(lQO)  Ga-c(lx2)  and  (be  gptduomgric  GmA^l  10) 
(U  l)mti^  font  sabte  ordered  mneoridcrideowdayan  when  rapoeadio  Cl;  »*  300  K-  The  ordered  overisym 
formed  lie  ASCI  oq  tbe  G*As(l  10)  (Ixl)  surface  red  GaQ  oc  the  G»Aj(10(J)  G*-c(8x2)  turfy*.  In  ocaensu  the  As- 
rich  GnAs  (100)  As-c(2xS)  surface  undergoes  continuous  uptake  of  Ck  Bader  equivalent  conditions  AD  three 
surfaces  exhibit  continuous  upraise  of  Clj  u  surface  teaperatarcs  above  WO  K.  wbext  continuous  etching  is  known 

to  occur.  We  lave  stows  tibl  tbe  Gwicb  GaAs(100)  Ga-c(8x2)  sd  the  sotctooetric  GaAs(110)  (Ixl)  surfaces 

can  be  induced  o  undergo  continuous  etching  at  surface  temperaores  of  300  K,  if  (bey  *e  first  exposed  to  vi* 
surface  temperatures  above  600  K-  Ibis  alight  pre-etch  disrupts  tbe  surface  order  and  exposes  multiple  dangling 
bond*.  The  disrupted  surface  does  not  allow  fex  a  monochloride  passivation  layer  to  form;  instead,  volatile 
trichloride  products  fcsa.  leading  ©  continuous  etching.  Therefore,  the  dissociative  adsorption  of  molecular  chlorine 
on  GaArftOO)  and  GaArfllO)  surfaces  involves  a  competition  between  etching  and  passivation  in  which 
monochkaide  pasavstioa  is  brand  only  on  the  wefl-orieted  surface*. 

(c)  STM  of  Local  Adsorbate  Structure  as  a  Fuctioa  of  Cbemiaorptinn  Mechanism 


We  haw  developed  a  unique  machine  to  dose  a  crystal  surface  in  ohm-high  vacuum  with  a  mooo»eoeigetic  molecular 
beam  sad  then  eianme  tbe  adsorbate  scucuirc  wvth  STM.  Using  this  technique,  we  have  idcaifiedtheroleoftbe 
cbemiaoqtfioo mechanism  is  formation  of  adsorbate  smacrures  far  Oj.F^  and Oj  upon  Si(lll>7x7  surfaces  u  300 
K.  Whea  a  Si(ll  t>7*7  is  doeed  with  0.05  eV  a*  (precursor  chemisorption}-  the  dominant  adsorbate 

■nteture  is  SiCl  islands.  The  SiCl  irimda  are  buamals  of  Aigstnot  apart  at  low  coverage  and  nucleate  at  missing 
ad'Stocn  defects.  Conversely,  for  0,44  eV  CU  dosiag  (direct  activated  cbemiaorprioa).  i,lMsij  formation  is  not 
observed  andonly  single  site  ceaicr-adamm  preferred  chemisorption  is  present.  It  is  proposed  that  island  formation 
results  bom  adsorption  via  a  mobile  mokndar  pfcyrisocption  stale  wi«&  dissociates  at  tbe  edges  of  SCI  islands 


Per  F2^anaapaoB  QQ  $1(111)  7x7.  flat  B  DO  mtnnac  pfayascapboa  Dtaie  p^ydsupbom  state,  and  then£oe«  DO 

rslMd  formation  is  observed  « low  trauriadoiad  energy.  Iastead  at  low  mnslatkn  eneigy  we  obeeivc  that 

the  dominant  adsorpomi  sites  are  single  reacted  adatoms  while  at  high  translation  energy  the  dominant  alsotpoon 

*taK®s  M  Mnsfational  energy,  the  F,  adsorbs  via  abstract**  whereby  when 

*2  °™“de*  ^  eurfeee.  one  F  atom  chemisorbs  while  tbe  ocher  is  ejected  into  the  gas  r*»c-  Our  STM 

*“• ** ,bara£fJ°  *«*«* *r *** all the  chemisorption  at  tow 

*05 IT  aatt^ed  *dat°<ni  *  energy  F2  adsorbs  prSy  by  dasoeanvr 

*m’‘**m#"«”***~  Thcdeimaaiu^aricKttduticDnpajris 

^frTSL^'adjTl>rl“Us  tou<Saclfl  being  mac  reactive  as  well  as  onicr 

ahxne  fixmadjacOTutur  cells  being  more  weakly  electiraucaUycou|fcd  than  center  adaioos  in  tbe  ame  unit  cdL 

**  S«  10t»  ^  «  F*umor  medial*  chemisorption  at  low  modem 

zrz  zztsz  tzz  rz.*'*™ 

«  fcl  m»  «  to. 

that  the  structure  of  the  wuivahon  i-^rrmr  Mtr.  .,r  \  ,  "  aMnn°}-  Thu  u  consistent  wub  tbe  noaoo 

ibror  tan.  te  j,  ta,  to 


